districts, corresponding figures for the larger registration districts throughout the whole area were obtained, and from these standardised death-rates were calculated for males and females separately from age 25 upwards. Though standardised death-rates may safely be used in comparing with one another the mortalities from cancer in the members of groups of registration districts of a similar character such as rural or town, it has been shown by Brownlee (1922) , that the life table death-rate is a better measure for comparing the mortality from this disease in towns with that in rural districts. The use of the standardised death-rate gives the mortality from cancer relatively too low in the rural districts as compared with that in the town districts. As no attempt was to be made, in the present instance, to draw inferences from minute differences but only from relatively wide deviations from the average mortality, it was thought that the fallacy likely to arise from the use of the standardised death-rates could be borne in mind and allowed for in arriving at any general conclusions.
The standardised mortality rates for males and females respectively were grouped into six grades or degrees according to their magnitude, three above and three below the average. For the death-rates in females, the limiting rates per 1000 for the different grades were the following: under 1-3, 1-3 to 1-6, 1-6 to 1-9, 1-9 to 2-2, 2-2 to 2-5, and 2-5 upwards, with an approximate mean value for all districts of fully 1-9 per 1000. For males, the limiting rates per 1000 were: under 1, 1-0 to 1-3, 1-3 to 1-6, 1-6 to 1-9, 1-9 to 2-2 and 2-2 upwards with an approximate mean value for all districts of 1-6 per 1000. This scale of grouping is one chosen quite arbitrarily. Two maps of the region, one for males and one for females, showing registration districts were prepared, and on these by a system of dots and oblique and crossed lines the registration districts with mortality rates falling within the limits of the respective grades were indicated. This made it possible to distinguish readily the districts in which the incidence was most in excess or in defect of the average. The relative distribution of mortality in the different registration districts as shown in the two maps for the separate sexes was studied in relation to their geological formation, altitude, proximity to rivers and certain other factors.
For convenience of description, the whole area to be investigated was divided into two sections:
1. The county of York, i.e., the area in relation to the river Ouse and its tributaries.
2. The group of counties that lie in relation to and between the rivers Humber and Trent to the north and the Great Ouse to the south. These two regions possess features which render them somewhat suitable for such an investigation as is proposed, as each presents a centrally placed low-lying alluvial area traversed by rivers, with considerable variations in altitude in the country around, and fairly extensive areas belonging to the different geological formations. Within the whole extent of each, there are therefore groups of registration districts which vary considerably in regard to the several factors mentioned above and which may be compared with one another in regard to cancer incidence.
Natural Configuration and Geology of the Region.
Before proceeding with the analysis of the cancer incidence, it may be advisable to give a brief, general account of the configuration and geological formation of each section. Yorkshire falls naturally into a central and two lateral areas. The central area is a broad belt, the Vale of York, running north and south, traversed by the slow-flowing river Ouse and the proximal parts of its tributaries, the Derwent, Swale, Ure, Nidd, Wharfe, Aire and Don. This area is all under 250 feet above sea-level and in the south, around the head of the Humber, resembles somewhat the Fens in character. Geologically, it is a belt of the soft sandstones and marls of the Trias but these are thickly covered, and for the most part concealed by alluvium and glacial drift, including extensive deposits of brick clays. To the east of the central, lowlying area, the land rises up into the great mass of Lias and Oolites forming the East Yorkshire Moors, which attain, at their highest point, a height exceeding 1000 feet above sea-level. To the south of these lies an extensive, elevated chalk area which forms the Yorkshire Wolds, rising to a height exceeding 500 feet above sea-level. The Moors to the north and the Wolds to the south are separated by the Vale of Pickering, which is traversed by the river Derwent. This valley, like the Vale of York, shows extensive alluvial deposits of clay, sand and gravel. South-east of the Wolds, the land is all under 250 feet above sea-level and has a solid chalk formation but this is thickly covered by glacial drift (sand and boulder clay). Passing westwards from the central plain, the land becomes gradually more elevated, rising at length into the Pennine Chain. This part of the county can be demarcated into narrow belts lying at heights above sea-level that increase from 250-500 feet to over 1500 feet. The main part of this western area is formed of carboniferous rocks, including the carboniferous limestone with numerous outliers of millstone grit rising up in high moorlands and fells which are traversed by valleys or dales containing the tributaries of the Ouse, e.g., Swaledale, Nidderdale, etc. This elevated moorland region on the millstone grit (grits, sandstones and shales) forms a belt on the margin of the Yorkshire coal-field to the west of Sheffield and Halifax and extends from Keighley and beyond Leeds northward to near Leyburn and Richmond. The coal-field with the coal-measures of shales and sandstones extends from north of Leeds and Bradford to Sheffield in the south. Intervening between the Vale of York to the east and the coal-measures and millstone grit to the west is a narrow belt of magnesian limestone.
The second section of the area under investigation comprises the counties of Huntingdon, Cambridge, Lincoln, Nottingham, Stafford, Derby, Leicester, Northampton, Bedford, Buckingham and the western parts of Norfolk and Suffolk. This region includes the southern segment of the Great Eastern Plain and is in a large part of its extent under 250 feet above sea-level. To the west of the plain, the country becomes more elevated and forms the Northampton Uplands and the Midland Plateau which lie for the most part between 250 and 500 feet above sea-level but rise in some areas to a height exceeding this. The southern extremity of the Pennine Chain extends into Derbyshire and much of this county lies at a considerable altitude above sea-level. The central part of Lincolnshire is somewhat elevated, forming the Wolds and Heights which rise in some places to a height exceeding 250 feet.
As regards the arrangement of the geological formations in this region, this is comparatively simple and may be briefly described. In the first place, there is an area of considerable extent which encircles the Wash and is named the Fenland. This comprises the southern part of Lincolnshire, the northeastern parts of Northamptonshire and Huntingdonshire, the northern part of Cambridgeshire (the Isle of Ely) and the western strip of Norfolk and Suffolk. The region embraces the lower parts of the drainage basins of the rivers Great Ouse, Nene, Welland and Witham. It is flat and low-lying and intersected by numerous water-courses. Against flooding by the sea and the rivers it is protected by extensive earthen embankments. The soil of the reclaimed Fens is deep and alluvial but differs somewhat from alluvium elsewhere, as in Yorkshire, in that it is almost everywhere very rich in humus. The Great Ouse forms roughly the limit of the Fenland to the south and east. To the east of this river, in Norfolk, Suffolk and the southern part of Cambridgeshire, lies an extensive cretaceous formation, principally of chalk but showing at its western limit a strip of gault and greensand. Passing westwards through Huntingdon, Northampton and Leicester, strata occur in sequence that belong to the Oolites, the Lias and the Keuper marls and sandstone. In the northern part of Lincolnshire is an extensive chalky area and passing westwards from this we find in succession areas with strata belonging to the Oolitic, Liassic, Triassic, Permian (Magnesian limestone), and Carboniferous formations. The last includes the Coal-measures, the Millstone Grit and Carboniferous limestone in Derbyshire. It must be borne in mind, however, that, though the superficial soil in an area may generally be described as deriving its characters from those of the underlying formations, these strata are frequently covered by glacial drift to an extent and depth which vary considerably in different districts. The nature of the surface soil in a district thus cannot always be gauged accurately from the solid geological formation shown in the maps. Over a considerable part of this region, there is a deposit of boulder clay which is so charged with chalk that it receives the name "chalky boulder clay." It is found in Norfolk as far north as the Wash, in Suffolk, in Cambridgeshire and as far south as Buckinghamshire. It is also described as occurring in East Staffordshire. Its margin runs eastwards through Leicestershire and in Lincolnshire it is found between the Wolds and the Heights. In its whole extent, it covers about 10,000 square miles. Though the deposit is characterised everywhere by the presence of chalk, the matrix of the chalky boulder clay is derived from the subjacent rocks, or from the soft deposits, generally clays, over which it has passed. Thus, in Huntingdonshire and Bedfordshire, the matrix is of Oxford clay; farther east local chalk and gault form the bulk of the deposit.
Analysis and Discussion of the Data.
We now come to the analysis and discussion of the relative distribution of the mortality-rates from cancer in the different registration districts, as it is shown in the maps. The death-rates in females in Yorkshire will be considered first as the female death-rate is on the average higher than the male and as Haviland (1875) has already described the distribution of the mortality amongst females in the county for an earlier decade, namely, 1851-60. The death-rates shown in the different registration districts vary from 1-2 to* 2-9 per 1000. The districts with mortality-rates that fall into the two highest grades, i.e., exceed 2-2 per 1000, are distributed somewhat irregularly throughout the county. They are: Leyburn (13) 1 , Northallerton (12) and Helmsley (10) in the North Riding; Driffield (5) and Pocklington (1) in the East Riding; and Sedbergh (17), Keighley (21), Bradford (25), Dewsbury (28) and Wakefield (29) in the West Riding. Leyburn lies on carboniferous limestone and millstone grit at a considerable elevation; Northallerton is in the central plain and lies mainly on red marls, red sandstone and lias covered by glacial drift; Helmsley, adjacent to Northallerton but somewhat elevated, lies partly on alluvium and partly on oolites (limestone and sandstone). Driffield and Pocklington are two contiguous districts; the former lies on chalk partly covered by glacial drift, the latter mainly on alluvium but partly on red marls and chalk. Sedbergh lies at a high level mainly on the Silurian formation but partly on the carboniferous limestone series. Of the remaining districts, Keighley lies on the millstone grit, and Bradford, Dewsbury and Wake'field on the coal-measures. Certain other districts show death-rates that approximate to the limit just mentioned, namely, 2-2 per 1000. These are mainly aggregated in the West Riding on the coal-measures but some occur in the North and East Ridings on other geological formations (Map II).
The registration districts showing the two lowest grades of mortality, i.e., under 1-6 per 1000 are also somewhat irregularly distributed. They are: Pickering (11) and Aysgarth (14) in the east and west respectively of the North Riding and Settle (18) and Pateley Bridge (19) in the West Riding. Pickering, at the margin of the Vale of Pickering, lies partly on oolitic and partly on alluvial strata; Aysgarth on carboniferous limestone and millstone grit and Pateley Bridge on millstone grit. Other districts that show a notably low mortality are: Wortley (32) and Thome (34) in the West Riding and Bridlington (6) in the East Riding. Wortley lies on the coal-measures, Thorne on alluvium and Bridlington on glacial drift covering the chalk.
The topographical incidence of cancer in males in Yorkshire (Map I) will now be considered more briefly and compared with that described for females. The registration districts that show the two highest grades of mortality are: Easingwold (8), Malton (7) and Leyburn (13) Though a number of districts with death-rates amongst the highest that occur in the one sex also show excessive mortalities in the other there are several notable exceptions. Amongst these may be mentioned Northallerton (12), Pocklington (1), Richmond (16), Pontefract (30) and Wetherby (20) which show relatively high rates for females and relatively low rates for males and Easingwold (8) and Aysgarth (14) which present the reverse relationship.
The distribution of the mortality-rates in the Midland counties and the Fen district now requires examination. On referring to Map II, depicting the disposition of the six different grades of mortality in females, which will be considered first, the feature that attracts attention is the concentration of districts with relatively high death-rates in the area made up of the counties of Huntingdon and Cambridge and the adjacent parts of Lincoln, Northampton, Norfolk and Suffolk. Relatively few districts in this restricted area have death-rates that fall below the average and within its limits are found all the districts with death-rates that fall into the two highest grades of mortality, i.e., above 2-2 per 1000, with one exception, namely, Market Bosworth (66) in Leicestershire. In the whole area, the districts that show a mortality exceeding 2-2 per 1000 are: Wisbech (52) in Cambridgeshire; St Neots (46) in Huntingdonshire; King's Lynn (56) and Downham (57) in Norfolk; Thrapston (42) in Northamptonshire and Market Bosworth (66) in Leicester-shire. King's Lynn, Downham and Wisbech lie in the Fenland, the first two adjacent to the river Ouse and the last traversed by the Nene; Thrapston, in relation to the river Nene, on a formation of Oxford clay, lower oolite and lias; St Neots, on the Ouse, on valley gravel, boulder clay and Oxford clay; and Market Bosworth on red marls and sandstone. Amongst the other districts with a cancer mortality exceeding the average are some with deathrates just under 2-2 per 1000. These show some aggregation in the Fen district and that surrounding it but other districts with relatively high death-rates occur irregularly throughout the remainder of the region on dissimilar geological formations.
The districts with the two lowest grades of mortality, i.e., under 1-6 per 1000, are distributed somewhat irregularly throughout the region. They are: Billesdon (64), Hinckley (65) and Ashby-de-la-Zouch (67) In males, the districts with death-rat^s that attain the highest grades, i.e., above 1-9 per 1000, are: Ely (50), Whittlesey (51) Newmarket (49) the average and those that show the extreme values has now been described for two regions that present a variety of physical features, and the question for discussion is, Has the varying incidence shown in these any relationship to the river system, the character of the soil or underlying geological formation, the elevation or levelness of site or other physical features? According to Green (1917) the death-rate from cancer is low in districts that are comparatively flat or at most have undulating hills with houses built on their sides or summits, whereas the mortality is high in districts intersected with gulleys and valleys with houses in the hollows. In Haviland's view, the highest incidence should be found in low-lying districts with a deep alluvial or clay soil and traversed by or contiguous to fully-formed rivers liable to overflow their banks, and the lowest incidence in relatively elevated areas with hard rocks or in districts with permeable strata like oolite and chalk.
In. Yorkshire comparatively little importance can be attached to the disposition or geological relationship of the districts with the extreme rates of mortality, either high or low, as these are in some cases of small extent or sparsely populated and the mortality-rates are consequently based on relatively small numbers of deaths. The districts in Yorkshire with death-rates above the average in females seem to show, however, a general tendency to a concentration on the coal-measures in the West Riding and to a less extent on the alluvial area in relation to the river Ouse. In males, however, no tendency is shown to a concentration of high mortality districts around the Ouse. In the Midland counties, including the Fenland, the districts with high mortality rates seem to show some aggregation in the Fens and the adjacent region and those with a lighter incidence in Staffordshire and Derbyshire. This is the general impression conveyed by a survey of the maps though registration districts with relatively high rates occur irregularly disposed on different formations throughout the region. Though the distribution in the Fen district and the Midland counties would seem to suggest that there is some reasonable basis for Haviland's view as to the local conditions that predispose to an excessive incidence of cancer, the disposition of the mortalityrates in Yorkshire for the two sexes does not lend much support to it.
With the object of eliminating the districts which might show extreme mortality-rates through being derived from small numbers of deaths occurring in sparsely populated areas, the registration districts were grouped together, (1) into those comprising the counties, (2) into those lying on the most important geological formations, disregarding county limits. This grouping for geological formation also gives in some measure for the whole region, a rough classification for varying altitude as alluvial soils are, and liassic (clay) soils are generally, low-lying; and millstone grit and carboniferous limestone somewhat elevated; oolitic formations may be elevated or low-lying, elevated in Yorkshire and low-lying in the Midland counties.
Taking Yorkshire as three counties and the districts from Norfolk and Suffolk as one county group, the data for 15 county groups in all were available. The death-rates for these are shown in Table I . In males, the highest mortality occurs in Cambridgeshire, Huntingdonshire and Rutlandshire, as is generally known from the Annual Reports of the Registrar-General, the lowest in Lincolnshire and Derbyshire. In females, though the death-rates in Cambridgeshire and Huntingdonshire are still amongst the highest that are found, the mortality in the East, and West Ridings of Yorkshire is practically equivalent. The lowest mortality-rate is found in Buckinghamshire, but the rates in Bedfordshire, Derbyshire and Staffordshire are also relatively low.
In grouping the registration districts according to their geological formation, a rough classification into 12 types was made. These include the fen, alluvium (excluding fen), coal-measures, millstone grit, carboniferous lime-stone, etc. The names of the strata distinguished and the corresponding death-rates are given in Table II . The table shows that in females the mortality-rates are highest and practically equivalent on fen, alluvium, coalmeasures and millstone grit and lowest on carboniferous limestone. On chalk, the death-rate is just under the average for all the strata. In males, the highest mortality-rates are found on the fen and the coal-measures, and the lowest on magnesian limestone and carboniferous limestone. Though differences in mortality from cancer thus occur on the different strata, they are not very pronounced and appear of doubtful significance. The best measure of testing this seemed to be to estimate the probability that deviations as great or greater than those found might occur through chance. For the 12 groups in each sex, the actual numbers of deaths corrected for age distribution and the numbers expected on the basis of the mortality for the whole area were calculated. From these figures the values of \ 2 were determined. For males it was 6-27 and for females 11-54 which, for n' = 12, gives values of P = 0-85 and 0-41 for the respective sexes. This indicates that out of 100 samples for each sex, in 85 cases in males and 41 cases in females as wide deviations as those found might occur fortuitously and that consequently the deviations from the expected on different soils or formations in the whole region examined are not sufficiently great to indicate any definite association between particular geological strata and excessive or defective mortality from cancer.
It seemed to be of interest to determine whether the cancer incidence in the region where it was most common, namely, in the counties of Huntingdonshire and Cambridgeshire, showed any notable variation in the administrative districts. The standardised death-rates were calculated for the several administrative areas that comprise some of the registration districts already named. The death-rates were taken as a percentage of the death-rates in the corresponding registration districts. What appeared to be striking differences, i.e., as high as 50 per cent., were found in the areas that comprise some districts; in other districts the death-rates in the component areas were practically available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0022172400008780
identical. The figures are so small that it is quite uncertain whether these differences have any significance. On similar but even more unreliable data, however, from-still smaller districts, many inferences have already been drawn and published as to the local conditions which predispose to an excessive incidence of cancer.
The relationship of cancer prevalence to local conditions may be discussed from another standpoint. If the physical features pertaining to a place have an important influence in predisposing to or in preventing cancer, then it might be expected that, other things being equal:
1. Districts with a high cancer death-rate in females would on the average have a definite tendency to an excessive mortality in males.
2. The relative distribution of mortality in the area under investigation at one period of time would be somewhat closely analogous to that at a subsequent period.
A comparison of the two maps for males and females seemed to indicate that the association between the relative magnitudes of the death-rates in the two sexes in the corresponding districts was not very marked either in Yorkshire or the Midland Counties, unless in that region of the latter around Cambridgeshire. A relatively high death-rate in females has been seen to be associated in a number of districts with a relatively low death-rate in males and vice versa. To ascertain more precisely the degree of association between the mortality-rates in males and females in corresponding districts throughout the area, the coefficient of correlation was calculated. It was found to be + 0-169 ± -088 in Yorkshire, + 0-295 ± -060 in the Midland Counties and + 0-257 ± "049 in the total area. This last coefficient is statistically significant and there thus appears to be in the data for the whole area a tendency for a district that has a high mortality in one sex to have a high mortality in the other. The association is only present to a significant degree in the districts of the Midland Counties; however, it cannot be said to be sensible in the districts of Yorkshire. For the whole region, it does not appear to be so pronounced as might be expected if the local features were very important in determining the incidence of cancer, even making some allowance for the reduction in the correlation that must occur as a result of the organs specially liable to attack in the two sexes not being identical.
With regard to the second point, Haviland gives in his map of England and Wales the mortality-rates for cancer in females in the registration districts of Yorkshire for the decade 1851-60. The distribution of these mortalityrates is very different from that shown in females for the decade 1911-20. As Haviland had used crude death-rates for the earlier period, the standardised rates from age 25 upwards were calculated, but though the relative magnitudes of the mortality-rates as shown by this measure were altered in a few cases, the general topographical distribution remained essentially as described by him. A few of the registration districts given in the data for 1911-20 did not exist in the earlier decade and probably some fairly considerable changes in the limits of others have taken place in the interval that elapsed between the two decades; moreover, there was no transfer of deaths in the earlier decade. The districts that existed at the two periods under the same names and thus may be considered as to some extent comparable, however, numbered 54. The correlation coefficient between the standardised death-rates in corresponding districts in the two decades was calculated and was found to be -034 ± -092. There is thus no association present between the magnitudes of the mortalities in the corresponding districts in the two decades. The coefficient of correlation between the death-rates in females in the corresponding districts in the decennia 1851-60 and 1901-10, in neither of which any transfer of deaths took place, was + 0-123 ± -090 and that between the death-rates in the decennia 1901-10 and 1911-20, + 0-194 ± -088 . These last two coefficients also indicate that there is no significant association between the size of the death-rates in corresponding districts in the different decennia. The fact that such a definite change has taken place in the relative distribution of mortality from cancer in the registration districts in the interval of half a century is of considerable interest. It is doubtless partly due to the circumstance that the death-rates in many districts are based on small numbers and are consequently not very stable. Whatever may be the complete explanation of the change, it seems to be opposed to the view that peculiar local conditions are of great importance in determining the local incidence of the disease.
CONCLUSIONS.
In this paper, the topographical variations in the incidence of cancer as shown in the registration districts and groups of districts in Yorkshire and the Midland Counties of England, including the Fenland, and their relationship to variations in certain physical features such as character of soil and underlying geological formation, elevation of site, proximity to slow-flowing rivers liable to floods, etc. have been examined and discussed. From a general review of what has been found the following conclusions may be drawn:
1. The variations that occur in the mortality-rates for both sexes in the different registration districts appear to be considerable, but as some of the extreme values found are based on comparatively small numbers their significance cannot be regarded as certain. This applies to some of the relatively high and relatively low rates which have been noted in adjacent districts on similar geological strata in Yorkshire and to those that have been described as occurring in the administrative areas in the Fen region.
2. The districts with death-rates above the average seem to show in both sexes some aggregation in the West Riding of Yorkshire on the coal-measures. In females, some slight tendency is shown to a concentration of high mortality districts on the alluvium around the river Ouse, but no such tendency is present in males. In the Midland counties, the districts that show excessive mortality-rates in both sexes seem to show some aggregation in Huntingdonshire and Cambridgeshire. Though there is a suggestion that in the Fen district journ. of Hyg. xxrvsome association exists between an excessive prevalence of cancer and an alluvial or clay soil adjacent to rivers, the disposition of the mortality-rates in Yorkshire cannot be said to lend much support to this view.
3. As the probability that deviations in mortality as great or greater than those shown on the different geological formations would occur in about 85 and 41 instances out of 100 similar samples in males and females respectively, it cannot be said that any definite association between incidence of cancer and geological formation has been established.
4. The correlation shown between the mortality-rates in males and females in corresponding districts is not so pronounced as might be expected if peculiar local physical features were very important in determining the prevalence of cancer.
5. The definite change that has taken place in the relative distribution of cancer mortality in females in the districts of Yorkshire after a lapse of half a century is also in support of the view that local physical features are not important as predisposing causes of the disease.
